) is a fruit tree of great world importance and, therefore, the genetic improvement becomes an important field of research for better crops, being necessary to gather information on this species, mainly regarding its genetic variability so that appropriate propagation projects and management are made. The improvement programs of fig trees using conventional procedures in order to obtain new cultivars are rare in many countries, such as Brazil, especially due to the little genetic variability and to the difficulties in obtaining plants from gamete fusion once the wasp Blastophaga psenes, responsible for the natural pollinating, is not found in Brazil. In this way, the mutagenic genetic improvement becomes a solution of it. For this reason, in an experiment conducted earlier, fig plants formed by cuttings treated with gamma ray were selected based on their agronomic characteristics of interest. We determined the genetic variability in these fig tree selections, using RAPD and AFLP molecular markers, comparing them to each other and to the Roxo-de-Valinhos, used as the standard. For the reactions of Genetic characterization of fig tree mutants
INTRODUCTION
The fig tree (Ficus carica L.) is a fruit tree of great world importance and is grown in more than 400 thousand hectares in the world, having yields of more than 1 million tons (Hortibrasil, 2010) .
Figs are among the twenty most important fruits exported by Brazil, and they are ranked number three when it comes to the volume of temperate climate fruits sold, producing a yield of 900 tons a year. Brazil is ranked in tenth place in world yield, where it is responsible for 2% of it (Instituto de Economia Agrícola, 2008) .
However, there are some diseases or pest-related problems, which hinder yields and lower profits, such as nematodes, Cerotelium fici Cast., Botrydiplodia sp, Azochis gripusalis Walk., and Zaprionus indianus Gupta. Research in order to help find solutions for some of the problems mentioned above would mean a great contribution to crop development. Therefore, genetic improvement is an extremely important field of research.
The improvement programs of fig trees using conventional procedures in order to obtain new cultivars are rare in many countries, such as Brazil, especially due to the little genetic variability and to the difficulties in obtaining plants from gamete fusion since the wasp Blastophaga psenes, responsible for natural pollination, is not found in Brazil (Ferreira et al., 2009) . Therefore, mutagenic genetic improvement is very important in crop improvement; gathering information on this species, especially regarding its genetic variability is, therefore, necessary, so that appropriate propagation and management projects are developed.
According to Tulmann Neto et al. (1999) , physical (different types of radiation) and chemical mutagenic techniques can be used in vitro or in vivo in plant improvement, increasing the genetic variability and allowing genotypes of interest to be obtained.
The detection of the effect of these mutagenic agents can be obtained in a more precise way by using molecular markers, which are an essential tool for a better and more precise understanding of the variability of the materials studied and a great advance in the development of new cultivars (de Oliveira et al., 1996) .
Restriction fragment length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), and microsatellites (SSR) are among the most commonly used DNA molecular markers (Karp et al., 1996; Ferreira and Grattapaglia, 1998; Melo et al., 2001) .
Based on the above mentioned points, this research aimed at determining the genetic variability in cuttings of fig tree selections obtained from buds that were irradiated with gamma rays, using RAPD and AFLP molecular markers.
MATERIAL AND METHODS
The experiment was carried out at the Agricultural and Veterinary Sciences College, UNESP, Jaboticabal Campus, São Paulo State, in partnership with Universidade de Ribeirão Preto, UNAERP, using cuttings from five fig tree selections obtained in a previous experiment at the Engineering College, UNESP, Ilha Solteira Campus, São Paulo State, in which 450 plants were grown from cuttings irradiated with gamma rays, at a dose of 30 Gy, in the Center of Nuclear Energy in Agriculture (CENA/USP), as described by Santos et al. (1997) .
Five plants were selected based on morphological characteristics, which are unique or different from the standard "Roxo-de-Valinhos". These 5 plants were propagated and compared to the Roxo-de-Valinhos cultivar as commercial crops.
The treatments and respective characteristics are listed below: Five selections of irradiated plants considered mutants were used in this experiment, where they were compared to each other and to the Roxo-de-Valinhos cultivar, used as the standard control. In order to do that, total genomic DNA was extracted from the vegetal tissues, as described by Lodhi et al. (1994) .
DNA and primer concentrations were tested for suitability in DNA amplification reactions, besides the different programs to be performed in the thermocycler. A total of 140 RAPD primers were evaluated; they were obtained from the kits C and F of Operon Technologies and from the kit UBC RAPD Primer Synthesis Project Oligonuleotide Set 100/3, obtained from the Nucleic Acids -Proteins Service Unit of the University of British Columbia -UBC (Vancouver, Canada). The AFLP molecular markers were used in order to determine genetic variability according to the adapted protocol of Vos et al. (1995) . The characteristics of the oligonucleotides used for AFLP analysis are listed in Table 1 
RESULTS AND DISCUSSION
Of the 140 RAPD primers used for the genetic characterization of the selections and the Roxo-de-Valinhos cultivar, 105 amplified well-defined fragments of 250 to 1500 bp. The 105 selected primers yielded 439 fragments, with the number of bands produced per primer ranging from 1 (OPC-06 and OPC-10) to 11 (OPF-10), with an average of 4.2 fragments per primer.
Regarding the number of bands obtained with RAPD analysis, in research on the characterization and identification of pear cultivars and selections, Sawazaki et al. (2002) found 353 amplified DNA fragments using 26 primers, of which 250 bands were polymorphic, with an average of 13.5 bands per primer. In a study of elephant grass, 88 bands were identified using 20 RAPD primers for genetic diversity analysis, with an average of 4.4 bands per primer (Pereira et al., 2008) . Furthermore, Silva et al. (2008) , by using the RAPD technique in order to characterize rabbiteye blueberry genotypes, 89 markers were formed from 9 primers. In determining the genetic variability of acerola fruit, 37 of 94 primers tested led to clear amplifying results and reproducibility, with a total of 164 amplified markers, and an average of 4 bands per primer (Salla et al., 2002) .
Of the 439 fragments obtained here, 100% were found to be monomorphic bands, i.e., they did not show variation concerning the presence or absence of bands of the same length in base pairs among the individuals studied, leading to the conclusion that none of the 140 primers used detected variation among the fig tree mutants, when compared to each other and to the Roxo-de-Valinhos standard (Figure 1) . By using the 12 AFLP primer combinations to evaluate the genetic characterization of mutant cuttings of fig trees (F. carica L.) , obtained from buds irradiated with gamma rays, and from Roxo-de-Valinhos, it was possible to obtain 1064 markers, with an average of 88.68 bands by combining the primers evaluated.
In a research on fAFLP markers concerning the characterization of three mume genotypes selected as rootstocks for peach trees, using 24 primer combinations, Wickert et al. (2007) obtained 272 molecular markers, which differed between the three mume genotypes, from a total of 648 markers, thereby yielding an average of 27 bands per primer combination. Santos et al. (2008) , analyzing the genetic variability of the umbu fruit tree in a semi-arid area of Brazil, with an average of 14.2 bands per primer combination, obtained 141 and 58 polymorphic and monomorphic bands, respectively, using AFLP and 14 combinations of EcoR1/Mse1 primers (IC). A study of genetic diversity among sweet orange and Murcott tangor hybrids showed that of the 64 oligonucleotide primers used for fAFLP analysis, only 59 led to amplification results considered to provide enough resolution, originating 416 bands (Bastianel et al., 2006) . Santos et al. (2001) , using only 3 AFLP primer combinations, obtained 437 bands, with an average of 145.6 bands per combination in research on clone varieties of cacao, which shows that the number of bands observed with the AFLP technique depends on the material and on the combination of the primers used, as well as when the RAPD technique is used.
Of the 1064 fragments produced in this experiment, only one polymorphic band was observed, i.e., only one band showed variation regarding the presence or absence of the same base pair length among the individuals studied. This single polymorphic band was obtained from the combination of 5 primers, and polymorphism occurred between individual 3 and the others, as can be observed in Figure 2 , which shows the polyacrylamide gels with all the combinations. Regarding the number of polymorphic bands, a study on genetic dissimilarity in oat mutants generated by irradiation with gamma rays identified a total of 880 markers, of which 195 were polymorphic for 18 ISSR primers, resulting in an average of 48.9 markers and a total of 10.8 polymorphic markers (Souza et al., 2005) . These results agree with those obtained in a research on genetic variation and clonal diversity of Psammochloa villosa (Poaceae), which found 122 polymorphic bands for 12 primers evaluated (Li and Ge, 2001) .
A study by Malone (2005) , aimed at the morphological and molecular characterization of 35 mutants of rice derived from gamma irradiation, using AFLP markers, showed a total of 206 markers from nine combinations of primers, of which 184 were polymorphic between the families studied. These authors demonstrated the great potential of the AFLP technique in detecting genetic variability in these families and rice, and the substantial influence of mutation in creating variability among individuals.
According to these data in the literature, the present results obtained with the molecular markers used showed that there were no significant numbers of polymorphic bands to characterize the study subjects as being genetically different from each other.
CONCLUSIONS
The fig tree mutants originated from cuttings obtained from buds that were irradiated by gamma rays did not differ genetically between themselves and between them and the Roxode-Valinhos cultivar, using RAPD and AFLP molecular markers. Techniques that can detect polymorphism between treatments, such as DNA sequencing, must be tested. The phenotypic variation of plants may be due to epigenetic variation, necessitating the use of techniques with methylation-sensitive restriction enzymes.
